The forty-year history of the Journal of Structural Geology has recorded an 32 enormous increase in the description, interpretation and modelling of 33 -page 2 -deformation structures. Amongst factors that control deformation and the 34 resulting structures, mechanical anisotropy has proven difficult to tackle. Using a 35 Fast Fourier Transform-based numerical solver for viscoplastic deformation of 36 crystalline materials, we illustrate how mechanical anisotropy has a profound 37 effect on developing structures, such as crenulation cleavages, porphyroclast 38 geometry and the initiation of shear bands and shear zones. 39 40
Introduction 41 42
Structural geologists have used a range of structures to determine deformation 43 histories of rocks (e.g. Treagus, 1982 To improve and quantify the interpretation of structures observed in the 51 field, geologists have developed increasingly complex models for IM systems. 52
Initially these were based on pioneering analytical models, such as those by 53
Jeffery (1922) , Eshelby (1957) and Ramberg (1962) In our simulations, we assigned homogeneous rheological properties to 191 the polygons (Fig. 1b-c Figures 1b and 1c show the results for folding a single layer in simple and  197 in pure shear, respectively. In BASIL, the rheology is defined by a power-law of 198 the type: 199
with ! ε the strain rate and σ the differential stress. The competence contrast 201 between layer and matrix is defined here by the ratio of Blayer/Bmatrix, set to 50 202 here (Table 1) . Passive grid lines, originally parallel to the competent layer, show 203 the deformation within the matrix. Folding decreases in intensity away from the 204 "zone of contact strain" (Ramberg, 1962) near the layer, and strain is 205 approximately homogeneous at the lateral edges of the model. 206
In Fig. 1d -e, we present two numerical simulations of single competent 207 layer folding in an anisotropic matrix using the VPFFT-ELLE code with power-208 law rheology. Initially, the basal slip plane of grains (individual square elements 209
in the 256x256 element model) in the matrix were aligned approximately 210 parallel to the layer. Therefore, starting models can be regarded as representing 211 a foliated or mica-rich rock with anisotropy. The noise to initiate folding now 212 derives from the small random variations in lattice orientation in the layer and 213 matrix. The competent layer was set to be isotropic, with a τcr five times higher 214 than the non-basal slip systems of the matrix. Their τcr in turn was set at 20 times 215 that of the basal slip system, giving an anisotropy factor A of 20 (Table 1) . Under 216 pure and simple shear, the geometry of the folded single layer in the anisotropic 217 matrix is similar to that in isotropic matrix (Fig. 1b-c) . However, the geometry of 218 microfolds represented by passive gridlines in the anisotropic matrix is very 219 different from those in isotropic cases. The grid lines are folded in similar-type 220 folds or crenulations that do not decay away from the competent layer (similar 221 to results obtained by Kocher et al., 2006) . Fold hinges align to form an axial-222 planar crenulation cleavage. The resulting geometry is similar to that of the 223 natural example (Fig. 1a) , with the passive gridlines representing S1 and the 224 crenulation cleavage S2. 225 developing shape of a mantled porphyroclast, again using the VPFFT-ELLE code. 252
In the isotropic case (all slip systems of one phase have the same τcr; Table  253 1), the core object's τcr was set at 50x that of the matrix, while that of the mantle 254 was 0.8x that of the matrix. Deformation is homogeneous in case of an isotropic 255 mantle and the central object rotates at a rate close to the analytical solution of 256 and planes progressively rotate into parallelism with the shear zone boundary 280 and the C-surface (Fig. 3a) . Less well understood is the development of C' shear 281 bands ( fig. 3a) , despite their ubiquity in shear zones in nature, experiments, and 282 models (White, 1979; Platt and Vissers, 1980; Platt, 1984 weak phase, the latter of which had a basal plane ten times weaker than 295 prismatic and pyramidal planes (i.e. A=10). We found that C' shear bands formed 296 in all models with >1% weak phase and were more abundant in models with a 297 higher proportion of weak phase. In nature (Fig. 3a ) and in models (Fig. 3b) To show how anisotropy (defined by the parameter A) affects localisation, 316
we simulate the deformation of a pure, single-phase polycrystal in dextral simple 317 shear (Fig. 4) up to a shear strain of 1.5 with VPFFT-ELLE described above. Basal 318 planes were initially randomly oriented. Strain localisation occurs only in 319 anisotropic cases (A>1), as can be seen by the passive deformation of the 320 polygon boundaries that originally had a foam texture (Fig. 4a ) and the map of 321 the normalised Von Mises strain rate field (Fig. 4b) . High strain-rate rate bands 322 oriented at a low angle to the horizontal shear plane are clearly visible (Fig.4a  323 and b), especially at high anisotropy values (A>>1). 324
The frequency distribution of normalised strain rates, at a shear strain of 325 three, in the isotropic material (A=1) is approximately normal (Fig. 4c) . 326 -page 11 -Simulations with A>1 show frequency distribution that deviate from normal 327 distribution (Fig. 4c) and are closer to log-normal. However, they are not exactly 328 log-normal, as they become heavy tailed for large strain-rate values. Higher 329 strain rate values become overrepresented with values up to 20 times the mean 330 for A=20. Therefore, a material with a higher degree of anisotropy will reach 331 significantly higher strain rate values due to strain localisation. As a result, most 332 of the material deforms at a significantly lower rate than the mean strain rate, as 333 can be seen by the leftward shift of the frequency peak in Fig. 4c . 334 shear zones from the grain scale (Fig. 3) 
